R e s u l t s of f o l i a r a n a l y s i s are key i n d i c a t o r s of needs f o r s o i l n u t r i e n t s , and special procedure f o r c o l l e c ti n g f o l i a g e samples must be followed.
I f a reyenerat ? o n c u t i s planned, f o l i a g e samples can be taken from t h e s t a n d before harvest t o determine t h e need f o r phosphorus a p p l i c a t i o n before a new stand i s p i anted.
A p p l y i n g 50 pounds o f phosphorus per acre increases lob101 ly p i n e s i t e index (age 25) by 10 t o 15 f e e t on t y p i c a l very p o o r l y , poorly, and somewhat p o o r l y d r a i n e d s o i l s on t h e Lower Coastal Plain.
A n e e d l e phosphorus content o f l e s s than 0.10 percent i n d i c a t e s a need f o r soi 1 phosphorus.
The growth r esponse t o phosphorus f e r t i l i z a t i o n increases as t h e need1 e phosphorus content w i t h o u t f e r t i 1 i zat i o n decreases from 0.10 t o 0.06 percent.
I n we1 1 -stocked (but not overstocked) stands, 5-year volume increment can be increased by 200 t o 300 c u b i c f e e t p e r acre by a p p l y i n g 150 pounds o f n i t r o g e n per acre, p l u s 25 pounds of phosphorus per acre i f both a r e needed.
Responses t o n i t r o g e n f e r t i l i z a t i o n are best on s o i l s where n u t r i e n t s u p p l i e s are l i m i t i n g growth but m i st u r e c o n d i t i o n s are Favorable. H i g h l y responsive stands have basal areas o f 70 t o I20 square feet per acre, f o l i a r n i t r o g e n contents l e s s than 1.2 percent, and s i t e indexes (age 25) between 50 aqd 75 feet.
* a
I n s e l e c t e d stands, investments i n f o r e s t f e r t i l i z a t -i o n can be expected t o y i e l d r e t u r n s o f 10 t o 28 percent ~f i n c r e a s e s i n product value are taken i n t o account.
The n o t i o n o f i m p r o v i n g p l a n t growth by i nc r e a s i n g the s u p p l i e s o f s o i 1 n u t r i e n t s i s v e r y 0 7 4 h u t i t s a p p l i c a t i o n i n t h e f o r e s t s o f t h e Southern U n i t e d S t a t e s i s r a t h e r new, I n p r i nc i p l e , f e r t i l i z e r a p p l i c a t i o n i v p r o v e s growth i f t h e r l u t r i e n t s t h a t are appl i ed were s t~f f i c i e n t l y s c a r c e t o l i m i t p l a n t growth, I n p r a c t i c e , f e rt i l i z e r a p p l i c a t i o n i s p r o f i t a b l e i f t h e improvement i n growth more t h a n pays t h e c o s t s o f t r e a tment.
Research r e s u l t s i n r e c e n t y e a r s show t h a t f e r t i l i z i n g l o b l o f l y p i n e stands can o f t e n he p r o f i t a h l e , and avai l a b l e r e c o r d s show t h a t f e r t il i z e r had heen a p p l i e d t o some 875,000 acres o f l o h l o l l y p i n e by 1982, The t r i c k f o r a f o r e s t manager i s t o determine when and where opportuni t i e s t o p r o f i t a b l y f e r t i l i z~ e x i s t . T h i s guide i s meant t o a s s i s t i n t h a t process,
Promi s i ng Research R e s u l t s
The f i r s t formal s t u d i e s o f f o r e s t f e r t i l iz a t i o n i n t h e Southeastern I J n i t e d S t a t e s were w i t h phosphorus ( P ) on s l a s h p i n e i n 1945, and w i t h n i t r o g e n ( N ) and phosphorus on l o h l o l l y p i n e i n t h e 1950's. Large i n c r e a s e s i n growth were observed when phosphorus was a p p l i e d t o wet, phosp h o r u s -d e f i c i e n t s o i 1s o f t h e Lower Coastal P l a i n . B e n e f i t s from N a p p l i c a t i o n were a l s o observed, b u t t h e r e s u l t s were n o t as s p e c t a c u l a r as t h o s e f r o m P.
These e a r l y r e s u l t s l e d t o t h e f o r m a t i o n o f c o o p e r a t i v e s a t t h e l i n i v e r s i t y o f F l o r i d a and a t N o r t h C a r o l i n a S t a t e I J n i v~r s i t y t o work w i t h f o r e s t i n d u s t r y i n t h e development o f f o r e s t f e rt i l i z a t i o n technology, The North C a r o l i n a S t a t e F o r e s t F e r t i 1 i z a t i o n C o o p e r a t i v e has p r i m a r i l y i n v e s t i g a t e d l o b l o l l y p i n e , t h e s p~c i e s d i s c u s s e d i n t h i s p u b l i c a t i o n , Recommendations p r e s e n t e d h e r e a r e based l a r g e l y on t h e r e s u l t s o f a l a r g e number o f f e r t i l i z e r t r i a l s conducted by t h a t c o o p e r a t i v e and t h e Southeastern F o r e s t Experiment S t a t i o n , On many wet s o i l s on t h e Lower Coastal P l a i n , a p p l i c a t i o n o f P d r a m a t i c a l l y improves l o h f o l l y p i n e growth. On t h r e e such s o i l s , a p p l i c a t i o n o f P a t 50 pounds per acre a t p l a n t i n g t i m e improved 1 oh1 01 1 y pine growth s u f f i c i e n t l y t o i n c r e a s e t h e e s t i m a t e d s i t e i n d e x (age 25) hy 15 t o 17 f e e t ( t a b l e f).
T a b l e 1.--Hei ght, p r o j e c t e d s i t e index, and p r o j e c t e d y i e l d for l o hlo1 ly pine on three s o i l s f e r t i l i z e d w i t h 50 pounds of phosphorus per acre and n o t f e r t i 1 i zed Among t h e t h r e e s o i l s , t h e percentage g a i n i n s i t e i n d e x was l a r g e s t on t h e poorest one, t h e Leon, The p r o j e c t e d volume increases a t ages 25 and 40, however, were g r e a t e r f o r t h p Woodington and t h e Leaf s o i l s , which were o f h i g h e r q u a l i t y b e f o r e t r e a t m e n t , The manager must he concerned p r i m a r i l y w i t h t h e p r o s p e c t i v e i n c r~a s e i n y i e l d l Consider t h e example o f the Woodington s o i 1 , The e s t i m a t e d i n c r e a s e i n volume p e r acre a t t r i hr t t a b l e t o P a p p l i c a t i o n was 2,000 c u b i c f e e t a t I n 15-t o 25-year-old stands on t h~ Piedmont, N a1 one produced about " c~ same y i e l d i n c r e a s e s as N, P, a n d K (potassium) together.
I n 4-t o 10-y e a r -o l d stands i n t h e same region, t h e r e as some advantage t o adding P along w i t h N ( t a b l e 3 ) .
I n t h e Lower Coastal P l a i n and t o a l e s s e r e x t e n t i n t h e Upper Coastal P l a i n , P mixed w i t h N was henpf i c i a l f o r t r e e s i n both age groups.
T a h t e 3.--Eight-year gross volume mean response t o n i tr;.cjen p l u s phosphorus i n 4-t o 10-year-old l o h l o l l y p i n e stands m o d e r a t e l y d e f i c i e n t i n phosphorus Growth r a t e s i n areas f e r t i l i z e d w i t h N gene r a l l y r e t u r n t o p r e f e r t i l i z e d l e v e l s i n 5 t o 8 years.
I n t h e i n t e r i m , e f f e c t s amount t o an acc e l e r a t i on o f stand development.
Results o f many s t u d i e s show t h a t N f e r t i 1 i z a t i o n advances stand development by changing d i ameter d i s t r i b u t i ons, m o r t a l i t y , and domi nant hei ghts. The average advance i n stand development from 100 t o 151) pounds p e r acre o f N i s e q u i v a l e n t t o almost 1 y e a r i n t h e 5 y e a r s a f t e r a p p l i c a t i o n . More responsive stands g a i n c o n s i d e r a b l y more than t h e average* C o n s i d e r a t i o n o f stand development i s important because volrlme added t o l a r g e t r e e s i s more v a lu a b l e t h a n t h a t added t o s m a l l e r ones, and f e r t il i z a t i o n increases growth o f l a r g o t r e e s more than s r n a l l~r ones i n a s t a n d , R e l i a b l e d a t a on growth responses o f stands o v e r age 25 come f r o m o n l y seven studies--two i n t h e Lower Coastal P l a i n , one i n t h e Upper Coastal P l a i n , and Pour i n t h e Piedmont, The 5-year v o lume increases from 100 pounds o f N and 50 pounds o f p p e r a c r e averaged 166 c u b i c Feet per acre f o r f o u r stands age 26 t o 30, and 206 cubic f e e t p e r a c r e f o r t h r e e stands 35 t o 36 years old, No i n c r e a s e i n diameter growth was d e t e c t a b l e 3 y e a r s a f t e r 200 pounds per acre o f N was a p p l i e d t o a stand over 50 years o l d on a h i g h -q u a l i t y s i t e on t h e Piedmont PI ateau.
Those r e s u l t s i n d i c a t e a s m a l l e r increase i n volume a f t e r treatment f o r stands over 25 than f o r 7 5-t o 25-year-old stands, The g r e a t e r wood value i n t r e e s 25 t o 40 years o l d , however, should make t
r e a t m e n t o f t h e o l d e r stands c o s t e f f e c t i v e , L o h l o l l y p i n e w i 11 respond t o N a p p l i c a t i o n s from the t i m e o f p l a n t i n g i f c o m p e t i t i o n i s cont r o l l e d , and some very good growth responses have
been obtained i n 5-t o 10-year-old stands, From an economic p o i n t o f view, however, r e t u r n s from t r e a t m e n t s i n young stands are l e s s a t t r a c t i v e t h a n those i n o l d e r stands because investments i n young stands must be c a r r i e d f o r longer periods.
The o n l y f e r t i l i z e r elements c u r r e n t l y known t o produce economical l y a t t r a c t i v e growth i ncreases i n lob101 l y p i n e are N and P.
K, and poss i b l y o t h e r elements, l i m i t s growth on some s i t e s , b u t f u r t h e r research w i l l be needed b e f o r e t h e i r appl i c a t i o n can be recommended .
Determi n i ng F e r t i 1 i z e r Needs
The k i n d s o f yrowLh responses we have des c r i b e d , and t h e a t t r a c t i v e investment opportuni t i e s they imply, are not avai 1 ah1 e everywhere. The prudent manager must l e a r n t o i d e n t i f y t h e c i tas v~h e r~ grointti.; r e s p~n s e s w i 11 he s a t i s f a c t o r y .
Money spent on t h i s i d e n t i f i c a t i o n process w i l l be saved many times over 3y a v o i d i n g w a s t e o f f e r t il i z e r .
We recommend f o l i a r a n a l y s i s f o r i d e n t if y i n g s i t e s t o f e r t i l i z e . Even where such t e c hno1 ogy i s used, t h e p r e d i c t iorl of responses w i l 1 be l e s s than p e r f e c t , hut t h i s technology w i 11 i mprove t h e p r o h a b i l i t y o f success*
Phosphorus -
The s e l e c t i o n o f s i t e s f o r P a p p l i c a t i o n should be based on s o i 1 type, soi 1 drainage, c u r r e n t t r e e performance, and f o l i a r t e s t s . Stands on very p o o r l y t o somewhat p o o r l y d r a i n e d c l a y s and sands (Aquults, Aquents, and A q t~e p t s ) on t h e Lower Coastal P l a i n g e n e r a l l y respond we1 1
t o a d d i t i o n s o f P, I f t h e stand t h a t i s b e i n g h a rvested f r o m such a wet s o i l has a s i t e index (age

25) helow 60 f e e t o r i f t h e e x i s t i n g stand i s n o t v i g o r o u s , P f e r t i l i z a t i o n should he considered.
S i t e i d e n t i f i c a t i o n can be f u r t h e r r e f i n e d by a n a l y z i n g sampl e needl es from 1-year-01 d o r o l der stands. C r i t i c a l range, general i y responsive i n comhi n a t i on w i t h n i t r o g e n General l y not responsi vn
Methods f o r c o l l e c t i ng samples are d e s c r i b e d l a t e r i n t h i s p u b l i c a t i o n . The t o t a l P c o n c e n t r a t i o n i n ovendried needles i s t h e b e s t i n d i c a t o r o f t h e need t o f e r t i l i z e , G u i d e l i n e s f o r P f e r t i l i z a t i o n based
N i t r o g e n (Ui t h and Without Phosphorus) -----------------
-----S e l e c t i o n o f stands f o r N a p p l i c a t i o n depends on s t a n d s t o c k i n g and t r e e s i z e as w e l l as s i t e f a c t o r s . S t o c k i n g must be considered b e c a~~s e i t determines how f u l l y t h e stand w i l l u t i l i z e t h e added resource. Tree s i z e i s i m p o r t a n t i n d e t e rm i n i n g t h e economic value o f a s t a n d ' s growth response,
Recogni t i o~ o f stands w i t h M d e f i c i e n c i e s from t h e i r s o i l and s i t e c h a r a c t e r i s t i c s i s , a t best, i w x a c t . The o b j e c t i v e , o f course, i s t o f i n d stands where a l a c k o f N alone o r i n comb i n a t i o n w i t h P i s l i m i t i n g t r e e growth.
There i s no p o i n t , f o r example, i n adding N t o a s i t e where t h e r e i s not enough s o i l m o i s t u r e t o permit a l a r g e i n c r e a s e i n t r e e growth.
Sdte index can be an i n d i c a t o r o f n u t r i e n t d e f i c i e n c y , but i t i n t eg r a t e s o t h e r f a c t o r s as we1 1, i~c l u d i n g s o i l moist u r e and o t h e r environmental resources. As w i t h
P, we have found t h a t N d e f i c i e n c i e s are most r e -1 i a b l y determined through fo1 i a r analysis.
We have a1 so developed general guide1 i n e s f o r i dent i f y i ng promising s i t e s f o r N appl i c a t i on. With these g u i d e l i n e s , many s i t e s can be categori z e d as l i k e l y t o be very responsive, moderately responsive, o r weakly responsive: Very responsive. This category i n c l u d e s s i t e s where i n s u f f i c i e n t n u t r i e n t s u p p l i e s are l i m i t i n g growth b u t m o i s t u r e a v a i l a b i l i t y and o t h e r s i t e f a c t o r s are favorable.
Examples i nc l u d e most clayey upland Piedmont s o i l s (e.g., by moderately we1 1 "L owe1 1 -d r a i n e d u p l a n d loamy s o -i l s (eeg., Orangebug, N o r f o l k , and Ruston), On t h e s e s i t e s , i n s u f f i c i e n t mi strrre may r e s t r i c t f e r t i l i z e r response d u r i n g some p a r t i o n o f t h e y e a r , Weakly responsive, On many s i t e s i n t h i s group, n u t r i e n t l i m i
Rooting volume r e s t r i c t i o n s occur i n s o i 1 s w i t h t h i c k spodic horizons o c c r l r r i n g near t h e s o i l surface (e.g., M u r v i l l e and Lynn Haven) and i n s o i l s w i t h shallow bedrock o r a f r a g i p a n (e.g., Lax and Talladega). Also i n c l u d e d i n the group o f nonresponsive s o i l s must he t h o s e t h a t a1 ready have s u f f i c i e n t n u t r i e n t s present, Such s i t e s w i f 1 normally be t h e very best--those w i t h s i t e indexes a t age 25 o f more than 70 f e e t . Typi c a l members o f t h i s group are mineral s o i I s w i t h a t h i c k o r g a n i c m a t t e r accumulation a t t h e s u r f a c e w h i c h have been a r t -i f i c i a l l y drained arld f e r t il i z e d w i t h P (e.g., Bayboro and Pantego).
A f t e r promising s i t e s have been i d e n t i fiecl i n t h e way j u s t described, t h e f o l lowing guide1 i n e s s h o u l d be used i n s e l e c t i n g stands t o t r e a t :
Stand s t o c k i n g should be moderate
(70-120 square f e e t p e r acre o f p i n e basal area).
2, The N c o n c e n t r a t i o n o f ovendried sample needles s h o u l d be l e s s than 3.2 percent. I f t h e P concent ratf on i s less t h a n 0J.2 percent, P should be applied a l o n g w i t h N, On t h e s i t e s i d e n t i f i e d i n t h i s manner, N a t 150 pounds per acre should be applied. Where P a l s o i s needed, apply 25 pounds per acre. A t l e a s t 75 percent o f t h e stands i d e n t i f i e d i n t h e manner described should respond t o treatment i n an economically a t t r a c t i v e way i f t h e r e i s a market f o r mixed wood products.
The p o t e n t i a l f o r overstocked, stagnated n a tu r a l stands t o respond t o f e r t i l i z a t i o n i s quest i o n a b l e . I f f o l i a r t e s t s i n such stands i n d i c a t e a need, P a p p l i c a t i o n may be e f f e c t i v e , but N app l i c a t i o n should probably be delayed u n t i 1 t h e stand i s thinned, N i t r o g e n f e r t i 1 i z a t i on can he economical l y a t t r a c t i v e i n 3-t o 10-year-old stands i n t h e Lower Coastal P l a i n i f t h e stand a l s o has severe P d e f i c i e n c y . Where P must be a p p l i e d , t h e c o s t o f a p p l y i n g N as w e l l i s l i t t l e more than cost o f t h e a d d i t i o n a l f e r t i l i z e r . F e r t i l i z e r s and Methods f o r A p p l y i n g Them I n o r g a n i c F e r t i 1 i z e r s --.-----Phosphorus may be a p p l i e d as t r i p l e superphosphate (TSP) (20 percent P) , d i ammoni um phosphate (DAP) (18 percent N, 20 percent P), o r f i n eground rock phosphate (GRP) ( 9 t o 13 percent P). The f i r s t two are h i g h l y s o l u b l e , whereas t h e l a s t i s o n l y s l o w l y soluble. Although long-term comparisons on l o b l o l l y p i n e have not been made, TSP and GRP appear t o be e q u a l l y e f f e c t i v e , When a source o f GRP i s nearby, i t s c o s t i s u s u a l l y lower p e r pound of P than i s TSP. The c o s t o f a p p l y i n g GRp may he h i g % r , however, hec-iirse i t i s h a r d e r t o spread than TSP and because iriore of i t must be a p p l i e d t o add a g i v e n amount o f P.
DAP i s an o p t i o n where b o t h N and P a r e needed,
Uhere a P d e f i c i e n c y has heen i d e n t i f i e d , app l y s u f f i c i e n t f e r t i 1 i z e r t o add 4 1 1 t o 50 pounds o f P p e r acre, Apply a t t h e t i m e of p l a n t i n g o r as soon after as p r a c t i c a l . The season o f a p p l ic a t i o n has no i m p o r t a n t e f f e c t on t h e p i n e r esponse. 
Ammonium n i t r a t e (33 p e r c e n t N) and u r e a (46 p e r c e n t N) a r e t h e most common f e r t i l i z e r s used t o add N t o f o r e s t s o i 1s. Some o f t h e n i t r a t e fa i n ammonium n i t r a t e can he l o s t i n l e a c h i n g if heavy r a i n s f o l l o w a p p l i c a t i o n . Some ammonium N can he
l o s t from urea as N H 3 gas passed t o t h e atmosphere.
S i n c e n e i t h e r source has proved s u p e r i o r f o r app l i c a t i o n t o s o u t h e r n p i n e , t h e c h o i c e s h o u l d be based on t h e comparative l o c a l c o s t s p e r u n i t o f
N a p p l i e d .
I n g e n e r a l , an a p p l i c a t i o n r a t e o f 100 t o 150 pounds o f N p e r a c r e i s l i k e l y t o be most a t t r a ct i v e e c o n o m i c a l l y . A d d i t i o n a l growth s t i m u l a t i o n can he a c h i e v e d by a p p l y i n g 200 t o 251) pounds of N p e r acre, b u t t h a t a d d i t i o n a l growth i s seldom s u f f i c f e n t t o j u s t i f y t h e c o s t o f a p p l y i n g t h e a d d i t i o n a l 100 pounds of N.
S e v e r a l a p p l i c a t i o n methods have been succ e s s f u l i n t h e South, P has been broadcast b e f o r e d i s k i n g or bedding, handed p r i o r t o bedding and i n c o r p o r a t e d i n t o t h e s o i 1 d u r i n g bedding, and b r o a d c a s t from t h e a i r o r ground o r sidedressed a f t e r p l a n t i n g , S i n c e no c o n s i s t e n t d i f f e r e n c e i n growth has been a s s o c i a t e d w i t h the method o f appf i c a t i o q , t h e cheapest nethod w i tfi t h e equipment a t ?and should be favored, N i t rogen has been appl i ed from he1 i c o p t e r s and f i xed-wi ng a i r c r a f t w i t h good success. Where ground equipment can be used, however, ground a p p l i c a t i o n i s probably cheaper, Sewage Sludge -------Sewage sludge i s o f t e n an e f f e c t i v e source o f N, P, and o t h e r elements f o r t r e e s , 1t -i 8-and 27-year-old lob101 l y p i n e stands, 400 pounds p e r a c r e o f h i g h l y avai l a b l e N i n sewage sludge has been as e f f e c t i v e as commercial f e r t i l i z e r , A sludge i n which t h e N was i n a l e s s a v a i l a b l e form produced a s m a l l e r immediate growth i n c r e a s e when t h e e q u i v a l e n t o f 600 pounds per acre o f N was applied. The b e n e f i t s o f t h i s treatment, however, may be expressed f o r a longer period. That study i s s t i 11 i n progress, There are several i m p o r t a n t f a c t o r s t o cons i d e r when a p p l i c a t i o n of sewage sludge i s contemplated, F i r s t , t h e cost o f t h e m a t e r i a l i s l i k e l y t o be low, but t h e c o s t o f a p p l i c a t i o n may be q u i t e high. Second, sludges vary w i d e l y i n t h e i r contents,
The candidate m a t e r i a l must be c a r e f u l l y analyzed, and p i l o t t e s t s o f i t s e f f e c t s a r e a d v i s a b l e h e f o r e l a r g e -s c a l e appl i c a t i o q s are begun, F i n a l l y , t h e approval o f h e a t t 3 a u t h o r it i e s i s r e q u i r e d i n most States b e f o r e sewage sludge can be applied. P J i t rogen-Fi x i ng P l a n t s ----4 ----The c u l t u r e of n i t r o g e n -f i x i n g p l a~t s i n f o r e s t s may he considered an i n d i r e c t form o f N f e r t i l i z a t i o n .
Leguminous p l a n t s established i n l o h l o l l y p i n e p l a n t a t i o n s a t p l a n t i n g o r 1 t o 2 y e a r s a f t e r p l a n t i n g add several nundred pounds o f N per acre t o t h e s o i l b e f o r e they a r c shaded out by t h e p i n e * Growtt.1 increases o f 7091 07 1y p i n e h a v e been o b s e w e d 3 o r 4-y e a r s c?ff'er t h e pl dntl'ng o f lespedeza species i n y-otrng stands, Tire d u r at i o n o f t h e i n c r e a s e s i s n o t yet known, and t h e t e c h n o l o g y f o r use o f n i t r o g e n -f i x -i n g p l a n t s i n f o r e s t r y i s s t i l l b e i n g developed. Use o f such p l a n t s i s p r o m i s i a y , Rut o n l y p i l o t t e s t i n g i s recommended b e f o r e a t t e m p t i n g a l a r g e p r o j e c t , F i r e and F e r t i l i z a t i o n ------.----B u r n i n g s h o u l d be a~o i d e d i n l n h l o l l y p i n e s t a n d s i m m e d i a t e l y b e f o r e and f o r a few y e a r s a f t e r N a p p l i c a t i o n s . Although l i t t l e r e s e a r c h has been done on e f f e c t s o f f i r e on f e r t i l i z a t i o n r e s u l t s , some general e f f e c t s a r e known.
I f u r e a i s a p p l i e d o v e r t h e a l k a l i n e ash t h a t i s p r e s e n t f o r a f e w months a f t e r a f i r e , some o f t h e f e rt i 1 i z e r kJ w i ' 9 i be l o s t t o t h e atmosphere as ammon i a @ Furthesmore, b u r n i n g w i t h i n 3 t o 4 y e a r s a f t e r N a p p l i c a t i o n i s l i k e l y t o v o l a t s l i z e N f r o m w h a t e v e r f e r t i l i z e r s t i 1 f remai ns and from the n i t r o g e n -r i c h l i t t e r f a l l t h a t f o l lows f e t i 1 i z at i o n . Envi ronmental and Other Side E f f e c t s F o r e s t s produce more t h a n t r e e s , and f o re s t e r s w i l l want t o know t h e e f f e c t s o f f e r t i l iz i n g on t h e e n t i r e f o r e s t ecosystem, Perhaps t h e 1 a r g e s t c u r r e n t concerns a r e w i t h water qua1 i t y e R e s u l t s f r o m t h e Piedmont and Coastal P l a i n show l i t t l e o r no measurable i n c r e a s e s i n N o r P i n streams a f t e r f e r t i l i z a t i o n o f p i n e stands-I ncreases do o c c u r when f e r d i 1 i z e r i n a d v e r t e n t 1 y f a l l s on open water, bud movement frorn t h e l a n d t o t h e w a t e r appears t o be slow and smallE When p a r t s of watersheds have been fertililzed, a p p l yi n g m a t e r i a l o n l y where it i s needed, no changes i n w a t e r q u a i i 1 t y have been detected, F e r t i l i z i n g l o k l o l l y p i n e increases growth o f u n d e r s t o r y p l a n t s , adding s o i 1 p r o t e c t i o n and i m p r o v i n g w i l d l i f e h a b i t a t , S p e c i f i c data f o r these b e n e f i t s are l a c k i n g , b u t t h e increase i n u n d e r s t o r y growth i s easi l y observed. F e r t i 1 i z i n g i n c r e a s e s t h e n u t r i t i o n a l c o n t e n t as w e l l as t h e volume o f understory p l a n t s , making them more v a l u a b l e as w i l d l i f e food. P a r t i c u l a r l y on phosp h o r u s -d e f i c i e n t soi 1 s, a p p l i c a t i o n o f f e r t i 1 i z e r can be expected t o s i g n i f i c a n t l y improve deer h a b i t a t .
L o h l o l l y p i n e i s r e l a t i v e l y e f f i c i e n t a t t a k i n g up n u t r i e n t s t h a t are i n s h o r t supply. It s u r v i v e s i n s o i l s t h a t are t o o d e f i c i e n t i n nut r i e n t s f o r s u r v i v a l o f many n a t i v e species. Thus, a p p l y i n g f e r t i l i z e r t o such s o i 1s i n s u ff i c i e n t q u a n t i t i t e s t o improve pane growth can be expected t o b e n e f i t o t h e r p l a n t species even more. Increases i n s e v e r i t y o f f u s i f o r m r u s t have been r e p o r t e d i n l o b l o l l y p i n e stands f e r t i 1 i z e d a t t h e t i m e o f p l a n t i n g , The increases, however, do not appear t o have been s u f f i c i e n t t o negate t h e b e n e f i t s o f f e r t i l i z i n g . N i t r o g e n f e r t i 1 i z i ng o f p i n e increases f o l iage and branch weights.
I n stands t h a t have r ec e n t l y been t h i n n e d t o c o r r e c t severe overstocki n g , t h e a d d i t i o n a l branch and f o l i a g e weights may i n c r e a s e t h e r i s k of i c e breakage. This r i s k can be reduced by t h i n n i ng b e f o r e o v e r s t o c k i ng becomes severe, and by d e l a y i n g f e r t i l i z a t i o n f o r a y e a r o r two a f t e r t h i n n i n g .
F o l i age Sampl i ng
The recommendations presented i n these guidel i n e s cannot be f o l l o w e d w i t h o u t t h e r e s u l t s o f f o l i a r analyses.
I n t h i s respect, f e r t i l i z e r p r e s c r i p t i o n s i n f o r e s t r y d i f f e r from those i n a g r i c u l t u r e , where p r e s c r i p t i o n s are u s u a l l y based on soi 1 analyses. E f f o r t s are underway t o arrange f o r re1 i able, low-cost f o l i a r analyses f o r f o r e s t r y .
A separate f o l i a g e sample i s reqrli r e d f o r each u n i t t h a t d i f f e r s a p p r e c i a b l y i n s o i l t y p e or s t a n d growth. I f both s o i l and f o l i a g e Samp l es a r e bei ng c o l l e c t e d , they should r e p r e s e n t t h e same management u n i t s o r areas.
Low concent r a t i o n s o f avai l a b l e phosphorus i n soi 1 t e s t s a r e not r e l i a b l e i n d i c a t o r s o f t h e need f o r P, b u t h i gh t e s t values show phosphatic o r h i g h l y f e r t i l i z e d s o i l s and r u l e out t h e need o f f e r t i -1 i z a t i o n * Needles a r e easy t o remove from seed1 i n g s and s a p l i n g s , b u t s p e c i a l equipment i s needed f o r l a r g e r t r e e s , Pole pruners are u s e f u l i n c o l l e c ti ng needles from t r e e s up t o about 35 f e e t t a l l . A gun i s best f o r sampling f o l i a g e i n t a l l e r t r e e s .
A 12-gauge shotgun on f u l l choke does t h e j o b q u i t e we1 1 when loaded w i t h number 4 shot.
The f o l i a g e sample f o r each area o r u n i t should be a composite c o l l e c t e d from a minimum o f 15 (and p r e f e r a b l y more) dominant and codominant t r e e s s e l e c t e d a t random from t h e area* F o r exp e r i m e n t a l p l o t s (0.05 t o 0.25 acres), a composite sample f r o m 7 t o 10 t r e e s i s u s u a l l y adequate, F o u r r u l e s must be f o l l o w e d :
1. C o l l e c t samples i n December through March.
2.
C o l l e c t a primary l a t e r a l branch from t h e upper one-half o f t h e dominant o r codominant t r e e * A t t h e p o i n t o f c o l l e c t i o n , t h e crown should be e s s e n t i a l l y f r e e o f comp e t i t i o n f o r l i g h t .
3 , Take 
Economi cs o f F o r e s t F e r t i 1 i z a t i on
There i s n o t h i n g unique about f o r e s t f e r t i -1 i z a t i o n as a business investment. Even t h e unc e r t a i n t y o f y i e l d increase i s common w i t h o t h e r p r a c t i c e s . F e r t i 1 i z a t i o n i n v o l v e s t h e o u t 1 ay o f cash today w i t h t h e e x p e c t a t i o n o f g e n e r a t i n g a r e t u r n over and above c o s t a t some p o i n t i n t h e f u t u r e .
F o r e s t f e r t i 1 i z a t i o n must compete succ e s s f u l l y f o r funds t h a t can he i n v e s t e d i n o t h e r ways.
Computation o f t h e r e t u r n on investment I n t h e simple cash-flow p a t t e r n s t y p i c a l o f f o r e s t f e r t i l i z a t i o n , ROI can he i n t e r p r e t e d as t h e e a r~i n g r a t e f o r i n v e s t e d c a p i t a l a f t e r taxes a r e t a k e n i n t o account.
We present two examples t o i 11 u s t r a t e t h e economic r e t u r n s from f e r t i l i z a t i o n .
One i s f o r P appl i c a t i on a t p l a n t i ng o r a few years t h e r e a f t e r . The second i s f o r appl i c a t i o n o f N and P a t stand age 20.
There i s no t h i n n i n g , and t h e stands a r e c l e a r c u t a t age 25. These examples were s e l e c t e d because experimental data were avai 1 a b l e t o e s t imate t h e changes i n y i e l d associated w i t h t h e t r e a t m e n t s . I n t a x i n g t i m b e r income, f e r t i l i z a t i o n c o s t s may he c a p i t a l i z e d , expensed, o r amortized upon n e g o t i a t i o n w i t h t h e I n t e r n a l Revenue Service.
I n o u r examples, t h e c o s t o f f e r t i l i z i n g a t p l a n t i n g t i m e was c a p i t a l i z e d , and t h e c o s t o f f e r t i l i z i n g 5 years b e f o r e h a r v e s t was amortized over t h e 5-year p e r i o d , These choices were a r b i t r a r y and rfo not represent recommendations o f c o s t i n g procedu r e s .
I n a d d i t i o n t o t a x treatment, f o u r o t h e r f a c t o r s --product m i x, stumpage p r i c e s , t r e a t m e n t c o s t s , and growth responses--are important i n d e t e r m i n i n g t h e p r o f i t a b i 1 i t y o f a f e r t i 1 i z i n g operat i on.
I n o u r analysfs, t h e product: mix i n c l u d e d pulpwood ( t o a 4-inch t o p ) , c h i p ' n ' s a w wood ( t o a 6-inch t o p ) , and saw logs ( t o a 9-inch t o p ) . Stumpage p r i c e s were $1 5 p e r cord f o r pulpwood, 540 per cord f o r c h i p ' n ' s a w wood, and $150 p e r t h o t~s a n d hoard f e e t f o r saw logs.
It was assumed t h a t stumpage p r i c e s would increase a t a r e a l r a t e o f 2 p e r c e n t a year. On a h i g h s i t e (70 f e e t a t age 2 5 ) , 10 t o 15 percent o f t h e volume would be i n saw l o g s , 55 percent i n c h i p ' n ' s a w wood, and t h e remainder i n pulpwood.
Costs f o r t h e f e r t i l i z e r and i t s a p p l i c a t i o n were assumed t o he $30 p e r acre f o r a p p l y i n g 40 pounds P a t p l a n t i n g and $60 per acre f o r applyi n g 150 pounds N and 50 pounds P 5 years before harvest.
Applyi ng Phosphorus a t Pl a n t i n e Responses t o P a p p l i c a t i o n a t p l a n t i n g t i m e were e s t i m a t e d by p r o j e c t i n g volume and value gains over a 25-year r o t a t i o n where s i t e index ( 2 5 y e a r s ) was improved by 5, 10, and 15 f e e t . Volume gains f o r these improvements were estimated over a range i n i n i t i a l s i t e indexes f o r unthinned lob101 l y p i n e p l a n t a t i o n s .
A p l a n t i n g d e n s i t y o f 700 t r e e s per acre was assumed. Volume gains a r e presented i n t a b l e 4, and a f t e r -t a x ROI i n t a b l e 5 e The long-term improvements i n s i t e make f e rt i 1 i z i n g o f phosphorus-defi c i e n t s o i 1 s economic a l l y a t t r a c t i v e * Estimated KO1 ranges from 9.0 t o 15.6 percent. These estimates are probably c o n s e r v a t i v e because t h e y do not r e f l e c t t h e i ncreased o p p o r t u n i t i e s f o r m i d r o t a t i o n t h i n n i n g t o incredse cash f l o w o r f o r M f e r t i l i z a t i o n t o i ncrease f i nal y i e l d s
